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Using data of the Baksan Underground Scintillation Telescope (BUST) we have made a search for muon
neutrinos and antineutrinos with energies above 1 GeV coinciding with the gravitational wave event GW170817
that was recorded on August 17, 2017 by the Advanced LIGO and Advanced Virgo observatories. This is a
first detection of the new type of events occurring as a result of a merger of two neutron stars in a binary sys-
tem. A short gamma-ray burst GRB170817A accompanying this event is an evidence of particle acceleration
in the source whose precise position was determined by detection of the subsequent optical signal. No neutrino
signals were found with the BUST in the interval ±500 s around the moment of the gravitational wave event
GW170817, as well as during the next 14 days. The upper limits on integral fluxes of muon neutrino and
antineutrino from the source are derived.
PACS: 97.60.Lf, 98.70.Rz
Introduction. The gravitational wave event
GW170817 [1] detected by the Advanced LIGO and
Advanced Virgo observatories was interpreted as a
result of merging neutron stars in a binary system.
Identification of this event with the gamma-ray burst
GRB170817A that was detected by Fermi GBM in 1.7
s after the merger has confirmed the hypothesis about
merging neutron stars and produced a direct proof of
connection between merging neutron stars and short
gamma-ray bursts. Subsequent detection of afterglow
of the source in a wide range of wavelengths of electro-
magnetic radiation has confirmed the interpretation of
this event as neutron star merging [2].
High energy neutrinos from the GW170817 event
were searched for by the neutrino telescopes ANTARES,
IceCube, and Baikal-GVD, as well as by the air
shower array Pierre Auger and Super-Kamiokande un-
derground detector (see [3] - [5]). All these experiments
used two time intervals when searching for neutrino
events. The first one, ±500 s relative to the merger mo-
ment (the maximum possible interval between a grav-
itational wave and neutrinos from cosmic gamma ray
bursts), was used in [6], [7] in order to search for prompt
and prolonged gamma ray emission. The second inter-
val, lasting 14 days after the merger, was used to search
for high energy neutrinos from a long-living magnetar
produced by merging neutron stars of a binary system
[8], [9].
None of the above listed experiments has found a
signal from the GW1709817 gravitational event. The
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upper limits on the integral fluxes of neutrinos and on
the total energy of neutrinos emitted by the source were
obtained.
Baksan Underground Scintillation Telescope.
The BUST is located in Baksan Valley (North Cauca-
sus, Russia) within an underground laboratory at an
effective depth of 850 m of water equivalent. It is a
multi-purpose instrument designed for a wide range of
studies into physics of cosmic rays and elementary parti-
cles, and neutrino astrophysics [10], [11]. The telescope
of dimensions 17 × 17 × 11 m3 consists of 4 horizontal
and 4 vertical planes with scintillation counters, the to-
tal number of which in the BUST being equal to 3184.
The standard scintillation counter is an aluminum con-
tainer with dimensions 0.7 × 0.7 × 0.3 m3 filled with
organic liquid scintillator using white spirit as a solvent
CnH2n+2 (n ≈ 9). Each scintillation counter is viewed
by a single PM tube FEU-49 with a photocathode di-
ameter of 15 cm. The most probable energy release of
muons in the counter is 50 MeV. Each counter has four
output signals. The PM anode signal is used for fixing
the time of a plane triggering and for measuring its en-
ergy release up to 2.5 GeV. The current output (anode
signal coming through an integrating circuit) is used for
adjustment and control of PM gains. Signals from the
12th dynodes feed the inputs of pulse shape discrimi-
nators (the so called pulse channel) with threshold am-
plitudes 8 and 10 MeV for the inner and outer planes,
respectively. The signal from the 5th dynode comes to
the input of a logarithmic converter, where it is trans-
formed into a pulse whose duration is proportional to
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logarithm of signal amplitude. The logarithmic channel
allows one to measure the energy release in each detec-
tor within the energy range 0.5 – 600 GeV.
The data acquisition system is triggered by actua-
tion of the pulse channel of any BUST counter. The
count rate of such trigger is 17 s−1. When a trigger ap-
pears all data about a given event come to the on-line
computer where pre-processing of events is performed
in order to get information about the current state of
recording devices. GPS signals with a synchronization
accuracy of 0.2 ms are used in order to reference events
with the universal time.
Experiment. The BUST design allows one to iden-
tify trajectories of the muons crossing the telescope and
to determine the muon arrival direction. The angular
resolution of the instrument is ≈ 1.6◦. It should be
noted that the arrival direction of a muon produced in
a neutrino reaction with matter strongly correlates with
the neutrino arrival direction. The root mean square
angle between a muon and its parent neutrino equals
≃ 3.7◦ for the energy spectrum of atmospheric neutri-
nos. Since the calculated spectra of neutrinos from as-
trophysical sources are harder than those of atmospheric
neutrinos, one could expect a smaller angular distance
between arrival directions of recorded muons and the
direction to an astrophysical object.
When detecting muons from the lower hemisphere
(θ > 90◦) one can exclude the background from muons
penetrating underground (since all known components
of cosmic rays are absorbed at a depth of several kilome-
ters of rock), if the flux of back-scattered muons from
above is less than the neutrino effect at the telescope
depth. For the BUST depth the muon background is to-
tally excluded when zenith angles are θ > 100◦. When
an object is located in the upper hemisphere one can
also search for muon neutrinos in the given time inter-
val, provided that the muon background for a given di-
rection is small, i.e., for directions with sufficiently large
thickness of matter.
Separation of arrival directions of muons between the
upper and lower hemispheres is realized using the time-
of-flight method. The time resolution of the telescope,
when the relative time of flight between two scintillation
planes is measured, equals 3.5 ns, and it is mainly de-
termined by counter properties. For single muons from
the upper hemisphere the reconstructed value of inverse
velocity 1/β (β = v/c) lies within the range 0.7 ÷ 1.3
for 95% of events [12]. The same interval, but with
the negative velocity sign is used to select muons from
the lower hemisphere, generated in neutrino interactions
with matter (rock) below the telescope. The threshold
energy of muon neutrinos detected by the BUST is de-
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Fig.1. The GW170817 event location (asterisk) and its
trajectory in the local coordinate system (H, Az) during
the first day after detection.
termined by energy losses of muons crossing the tele-
scope, and it is equal to 1 GeV for the used selection
criteria.
Search for muon neutrinos from GW170817.
Figure 1 presents the location of the GW170817 event
in the local coordinate system (H, Az), where H is the
elevation angle above horizon, and Az is the azimuth
angle reckoned from the south direction. Also shown is
the source trajectory during the first day after record-
ing the gravitational wave event. During 9 hours per
day the source is located above horizon, the minimum
thickness of matter for these directions being equal to
≈ 106 g/cm2 [13]. This thickness of rock at the place
of telescope location corresponds to the path length of
muons with energy ≈ 105 GeV [14]. Muon neutrinos
from GW170817 were searched for in a circle with a
radius of 5.0◦. In a time interval ±500 s around the
merging moment not a single event was found, in accor-
dance with the expected number of background events
from cosmic ray muons.
During 14 days following after GW170817 3 muon
events were detected, which is also in agreement with
expected number of background events (2.6) produced
by cosmic ray muons. All these events came from the
upper hemisphere at elevation angles ranging from 6◦
to 23◦.
Results. From the fact of absence of neutrino sig-
nals from the source the upper limits (90% confidence
level) on integral fluxes of muon neutrinos and antineu-
trinos were derived as functions of their energy assuming
monoenergetic spectrum (Fig. 2):
F (Eν) =
N90
ǫS(Eν)
, (1)
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Fig.2. The upper limits on integral fluxes of muon neu-
trinos and antineutrinos from GW170817 for the time
interval ±500 s as functions of their energy (for mono-
energetic spectrum).
where Emin = 1 GeV, Emax = 10
5 GeV, S(Eν) is the ef-
fective area of detection of muon neutrino/antineutrino
with energy Eν , N90 = 2.3, and ǫ = 0.84 is the por-
tion of neutrino events from a point-like source within
a circle of radius 5.0◦. The limits are derived separately
for muon neutrino and antineutrino, because interaction
cross-sections are different for muon neutrinos and an-
tineutrinos [15], so that their effective areas of detection
are different too.
Under assumption of the power-law spectrum with
exponent−2, the upper limits on integral fluxes of muon
neutrinos and antineutrinos from GW170817 are ob-
tained for the energy range 1 GeV – 105 GeV as:
Fν =
N90
ǫ
Emax∫
Emin
dEνS(Eν)I(Eν)
, (2)
where Emin = 1 GeV, Emax = 10
5 GeV, and I(Eν) =
E−2ν .
In the energy range specified above the upper limits
with 90% confidence level are equal to 57.3 cm−2 and
113.0 cm−2 for muon neutrino and antineutrino, respec-
tively.
Figure 3 presents the upper limits on the en-
ergy fluxes in muon neutrino and antineutrino from
GW170817 for the time interval ±500 s. The limits are
calculated separately for every decade of energy and un-
der assumption of a power-law spectrum with exponent
−2:
Φlim =
N90
E2∫
E1
dEνEνI(Eν)
ǫ
E2∫
E1
dEνS(Eν)I(Eν)
. (3)
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Fig.3. The upper limits on energy fluxes from
GW170817 for the time interval ±500 s.
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